Abstract. The banana (Musa sp., AAA) genome is continuously expanding due to the high frequency of somaclonal variation. Because of this increasing diversity, numerical and morphological methods of taxonomic and phylogenetic identification of banana cultivars became laborious, difficult, and often the subject of disagreements. The aim of this study, therefore, is to develop molecular tools for DNA fingerprinting that can discriminate Musa, AAA Cavendish subgroup cultivars. In this paper, we showed that the plastidsubtype identity (PS-ID) sequence of the noncoding region between rpl16 and rpl14 genes of plastid DNA was highly conserved except for single-base substitution and deletion. These differences separated the clones into three groups (G1, G2, and G3) and suggested that clones within groups are closely related maternally. Using arbitrary primer A13, we later identified negative RAPD markers A13 3.0 and A13 1.3 specifically for S4 (selection from Giant Cavendish subgroup, AAA) and S11 ('Morado' from 'Red' and 'Green Red' subgroup, AAA), respectively. Fragments corresponding to the missing bands were sequenced and used as templates to design new primers with overlapping sequences. Two of these primers, Ba3.0A and Ba1.3A, successfully generated positive markers consistently amplified as Ba3.0A 0.8 and Ba1.3A 0.6 for S4 and S11, respectively. It is proposed that the method just described can be a better alternative over screening more arbitrary primers in generating positive markers in cases when negative ones were already identified. Results of PS-ID subtype analysis likewise suggested potential use in identifying wild maternal progenitor in polyploid bananas.
Conventional breeding of Musa, AAA Cavendish subgroup bananas is not normally feasible because these triploids are totally sterile and seedless (Lysak et al., 1999; Robinson, 1996) . Some triploid AAA bananas, however, like Gros Michel (Shepherd, 1954) can produce seeds when pollinated. Seed set and germination, however, are very low. In spite of this, Musa sp. genome is continuously expanding due to the high frequency of somatic mutation. Being the favored method of seedling production, in vitro propagation of banana using isolated buds and meristem can result in the production of high numbers of somaclonal variants, ranging from 3% to 25% (Drew and Smith, 1990; Hwang and Ko, 1987; Stover, 1987) . Obviously, somatic mutation becomes the major contributor in increasing the number of banana clones. Difficulty arises in discriminating between clones especially when morphological differences are not visibly significant (Robinson, 1996) . ments of DNA using one or two short arbitrary primers (Williams et al., 1990) , the RAPD bands obtained are used as dominant markers (Michelmore et al., 1991) . For example, the DNA marker for dwarf off-types from micropropagated Cavendish (Damasco et al., 1996) and plantain (Ford-Lloyd et al., 1993) bananas were identified by this method. PCR techniques involve the design of arbitrary primers (Innis et al., 1999; Williams et al., 1990 ) that discriminate annealing sites. The key, therefore, is to look for the presence of specific sequences or combinations of sequences where specific primers will preferentially bind to produce a banding pattern that uniquely identifies an organism (Henry, 1997) . These different sequences scattered throughout the genome constitute a genetic fingerprint that can discriminate individual cultivars.
Fingerprinting can be used to detect parental genotypes with reduced number of progeny populations that need to be generated during hybridization (Crouch et al., 1999) . More importantly, DNA fingerprinting techniques have been used for various applications, including but not limited to identification of species and cultivars (Henry, 1997) , identification of duplications among accessions in the field and in tissue culture germplasm banks, monitoring of genetic stability in micropropagated material, selection of key markers suitable for breeding programs, to police plant patents, and to protect rights for newly bred cultivars (Robinson, 1996) .
This study was carried out to show possible maternal relationship among selected banana (Musa sp.) clones using PS-ID (plastid-subtype identity) sequence analysis (Nakamura et al., 1997) and to describe a method for converting a negative into a more reliable positive DNA marker.
Materials and Methods
Plant material. Leaf samples from a total of 15 (eleven 3x, AAA; two 2x, AA; one 3x, AAB and one 4x, AAAB) dessert and cooking banana cultivars (see Table 1 ) were generously provided by Stanfilco-Division of Dole Philippines, Inc., in Davao City, Philippines. Total genomic DNA was initially isolated using CTAB (Cetyltrimethylammonium bromide) method from 2 g of frozen banana leaf tissues. DNA samples were re-extracted with chloroform before resuspending the samples in TE (10 mM Tris-HCl, 1mM EDTA, pH 8.0) buffer.
Plastid-subtype identity (PS-ID) analysis. PS-ID (plastid-subtype identity), which is a nucleotide sequence from the stop codon of rpl16 to the start codon of rpl14 genes of plastid DNA (Fig. 1 ) was analyzed as described by Nakamura et al. (1997) . A PCR amplification of the plastid DNA fragment containing rpl16 and rpl14 was performed using one pair of common primers A (5´-AAA GATCTAGATTTCGTAAACAACATAGA GAAGAA-3´) and B (5´-ATCTGCAGCATT TAAAAGGGTCTGAGGTTGA ATCAT-3´). The PCR reaction mixture of 25 mL contained 1x Taq DNA polymerase buffer, 0.2 mm Early taxonomic and phylogenetic determinations within the genus Musa were largely established using a numerical, morphologybased scoring system (Simmonds and Weatherup, 1990) . Within this system, however, the classification and relationships of some genotypes are disputed (Gawel and Jarret, 1991) . Isozymes were the first molecular markers to be used in plant breeding programs for screening lines and tagging chromosomes (Chevre et al., 1991) ; but some researchers have found that the various isozyme markers are not generally suitable for distinguishing between Musa clones of the same genome group and ploidy level (Robinson, 1996) . Similarly, restriction fragment length polymorphism (RFLP) can detect differences in the length of digested fragments that hybridize with a known DNA probe. This hybridizationbased tool has been used to distinguish the genotype of plants such as rice (Oryza sativa L.; Winberg et al., 1993) , bean (Phaseolus vulgaris L.; Stockton et al., 1992) and banana (Bhat et al., 1994; Gawel and Jarret, 1991) . However, aside from using radioactive material, the method is laborious, time consuming, and expensive to perform (Ford-Lloyd, 1996) .
On the other hand, polymerase chain reaction (PCR)-based techniques, such as random amplified polymorphic DNA (RAPD), have become popular in many laboratories. Since RAPD analysis can amplify unknown seg-dNTPs, 10 ng of primers, 1.5 U of Ex Taq DNA polymerase (Takara Biomedicals, Shiga, Japan) and 10-50 ng of total genomic DNA as template. Amplification was conducted with 35 cycles of the following thermal conditions: 1 min at 94 °C, 1 min at 52 °C, and 2 min at 72°C using a DNA engine (PT-200; MJ Research, Watertown, Mass.). Amplified fragments were purified by a PCR purification kit (Promega Corp., Madison, Wis.) and were directly sequenced from both strands using A or B primer with a PRISM dye terminator cycle sequencing kit using 373A sequencer (Applied Biosystems, Foster City, Calif.).
RAPD fingerprinting. PCR was carried out on eight AAA cultivars using 50 random oligo 10-mer (OPA01-10, OPB01-10, OPC01-10, OPD01-10, and OPE01-10, Operon; Qiagen Gmbh, Germany) and twenty 12-mer (CMN A00-A19, Bex Co., Tokyo) primers. Reaction mixture of 25 mL contained 1x Taq DNA polymerase buffer, 0.2 mM dNTPs, 10 ng of primers, 1 U of Ex Taq DNA polymerase (Takara Biomedicals) and 10-50 ng of total genomic DNA as template. Amplification was carried out at 94 °C for 2 min, followed by 35 cycles of 1 min at 94 °C, 1 min at 42 °C, and 2 min at 72 °C using a DNA engine (PT-200, MJ Research). Annealing temperature was adjusted depending on primer sequence. Amplified products were separated in 1.2% agarose gel, photographed under ultraviolet (UV) light and screened for specificity to a particular cultivar.
Conversion of negative into positive DNA marker. Polymorphic bands (A13 1.3 and A13
3.0 ) from the initial RAPD experiment (see Fig. 2 ) were first isolated from agarose gel and purified using gel purification kit (Qiagen Gmbh). Purified fragments were then sequenced using PRISM dye terminator cycle sequencing kit using a 373A sequencer (Applied Biosystems). Nucleotide sequences were inputted in a computer as templates to design new oligonucleotide primers using PRIMER3 software (Rozen and Skaletsky, 1998) . Primers were chosen such that each primer sequence overlaps "walks" along the template DNA without forming primary and secondary structures. A total of five new primers were later used to amplify genomic DNA samples. Amplification condition was modified to 94 °C for 2 min followed by 38 cycles of 30 s at 94 °C, 30 s at 55 °C, and 1 min at 72 °C using a DNA engine (PT-200, MJ Research). Annealing temperature was adjusted depending on primer sequence. PCR reaction was carried out in 25 mL solution containing 1x Taq DNA polymerase buffer, 0.2 mM dNTPs, 50 pmol primer, 1.5 U of Ex Taq DNA polymerase (Takara Biomedicals) and 10-50 ng of total genomic DNA as template. Amplified products were separated electrophoretically in 1.0% agarose and 1x TAE buffer. Gels were stained with ethidium bromide and photographed under UV light.
Results and Discussion
Plastid-subtype identity (PS-ID) of different banana cultivars. Plastid genome shows simple inheritance in that it is usually transmit- (Nakamura et al., 1997) . PS-ID sequence is a short 3´ noncoding sequence from the stop codon of the rpl16 to the start codon of rpl14 gene of plastid DNA which can be amplified and sequenced using common (A and B) primers as shown in the figure. ted maternally in most plant species (Liu and Musial, 2001) , and that the protein coding sequences change more slowly (Clegg, 1993) . This property therefore makes organelle DNA ideal material for identifying the maternal parents of polyploid species (Liu and Musial, 2001) . Different parts of chloroplast genome however evolve at different rates. The coding sequences of the rpl16 and rpl14 genes for example were highly conserved (85% and 84% homology, respectively), whereas the linker sequences showed only 28% homology among rice, spinach, and tobacco (Nakamura et al., 1997) . For this reason, the linker region was chosen to address the plastid subtype of different banana cultivars in this study.
Alignment of plastid subtype identity (PS-ID) sequences showed that banana cultivars listed in Table 1 can be classified into one major (G1) and two minor (G2 and G3) groups (Table 2) . Except for S2, S12, and S3, the remaining 12 cultivars had the same PS-ID sequences. When compared with G1, the PS-ID of G2 has one base substitution from T to A at nucleotide position 116, while G3 showed one base deletion at position 104. Interestingly, S2 a 3x, AAA has the same PS-ID as S12, which is 2x, AA (Table 2 ). In addition, S15 a 4x, AAAB has the same PS-ID as the rest of 3x, AAA cultivars in G1 group. Origin of S15, however, showed that it was derived from a cross between a selected diploid breeding line SH 3142 (AA) and a dessert triploid (AAB) female parent Prata Ana (Robinson, 1996) , whose maternal origin most likely was a diploid AA. This is because triploidy in banana is thought to have arisen following the fertilization of viable, diploid egg cells, which can be formed when meiosis breaks down at the second division, with haploid pollen (Simmonds, 1962) . This may also explains why S14 that belonged to AAB plantain has identical PS-ID to the rest of the G1 group. This makes sense, since AAB can be formed by fertilization of diploid AA or AB egg cell by haploid BB pollen where AA and AB maternal parents were both fertile diploid AA cultivars. These findings therefore suggest that cultivars within each group are closely related and probably originated from the same maternal lineage.
This single-base polymorphism is nevertheless expected, since chloroplast genome is considered to be conservative in its evolution; it is structurally conservative and evolves fairly slowly at the nucleotide sequence level (Downie and Palmer, 1992) . Early efforts to model sequence evolution also assumed that all sites had an equal probability of substitution, that change between any two nucleotides was equiprobable, and that the processes responsible for change were stochastic (Fitch, 1971) .
Identification of sequence divergence like this among populations and subspecies can be useful for the selection of genetically important species for conservation and breeding purposes. Likewise, breeding would be greatly simplified if the wild progenitors of cultivated bananas and plantains were to be identified (Lysak et al., 1999) . Provided that all putative wild progenitors of modern bananas still exist, it becomes interesting to compare their PS-ID subtypes to show possible maternal origin of polyploid banana cultivars.
RAPD Fingerprinting of Musa sp. Genomic DNA of some of the clones examined did not amplify any product and has to be reextracted with chloroform to remove possible polymerase inhibitors. Intensity of the bands was improved when concentrations of Taq polymerase and primers were elevated from 1 to 1.5 U and from 10 to 50 pmol per reaction, respectively. Only products consistently amplified in separate reactions were further screened for cultivar specificity. As a result, only A13 appeared to be specific to particular clones among the original arbitrary primers used ( Fig. 2A) . Fragments A13
1.3 and A13
3.0
were consistently absent only in S11 and S4, respectively. However, A13 1.3 and A13 3.0 were negative markers and therefore less specific to reliably discriminate between clones. Considering the common PCR conditions used, the absence of these bands indicates that there is an absence or low level of homology between the primers and the template DNA of S4 and S11 cultivars. One alternative therefore aside from screening another set of random primers is to sequence the fragments corresponding to these bands and use them as templates to design more specific primers.
Conversion of negative to positive marker. Among the five new primers derived from polymorphic A13 fragments, two were able to amplify scorable bands. Primers Ba1.3A (5´-TTCCCTACCCTCTAAATGAGATGTTCC AAGCAACCAAAG-3´) and Ba3.0A (5´-CGCTAAGTGAATGAGTTCGGGTCAA GAAGC-3´) were able to resolve a maximum of five and six bands respectively (Fig. 2) . As shown earlier, A13
1.3 fragment (used as template for Ba1.3A primer) was consistently absent in S11. Using Ba1.3A primer, however, Ba1.3A 0.6 was later amplified as a positive marker specifically for S11 (Fig. 2B ). In the same manner, A13 3.0 fragment (used as template for Ba3.0A primer) that is originally absent in S4, was later amplified as Ba3.0A 0.8 * * z G1 grp: S1, S4, S5, S6, S7, S8, S9, S10, S11, S13, S14, and S15; G2 grp: S2 and S12; G3 grp: S3. y Underlined letters indicate stop codon of rpl16 gene on each plastid DNA while asterisks (*) indicate locations of base differences within PS-ID sequence.
( Fig. 2C) . This result apparently confirmed that the initial absence of the same band could indicate low level of association, or to the loss of, or mutation in, regions homologous to the original primer sequences (Crouch et al., 1999) . While SCAR (sequence characterized amplified region) allows the design of longer specific primers for the amplification at the same locus (Henry, 1997) , the method described herein used the sequence of a negative marker as template to design new primers to generate a unique band specific to cultivars. Furthermore, since the resulting positive marker can be sequenced and longer primer pair can be designed, this marker like SCAR can become highly reproducible to discriminate S4 and S11 from among morphologically indistinguishable cultivars.
